This study focuses on soil pollution in four urban parks of Belgrade. The sampling locations within each park were chosen based on proximity to streets characterized by heavy traffic, and soil samples were taken at different depths down to 50 cm. Concentrations of six heavy metals (Cr, Cu, Fe, Mn, Ni and Zn) were measured using Energy Dispersive X-Ray Fluorescence (EDXRF) spectrometer. The following average abundance order of heavy metals was found: Fe >> Mn > Zn > Cr > Ni > Cu in topsoil samples. The highest enrichment in topsoil was observed for Zn. Copper and Zn, metals mainly related to traffic emissions, exhibited the highest concentrations at the sampling location close to a bus and trolleybus termini. The highest Ni and Cr concentrations were observed in a park located in a city suburb, where a large number of individual heating units is present. The largest decrease in concentrations with soil dept was observed for Zn and Cu, followed by Ni and Cr, in the parks with the highest concentrations of these elements in topsoil. Generally high topsoil Cr and Ni concentrations were observed in comparison with average values reported in literature for other world cities.
vity and higher absorption rate in comparison to adults. The urban soil is subjected to significant level of pollution, mainly originating from traffic emissions (vehicle exhaust, tire and brake wear, weathered street surface particles), industrial (coal combustion, metallurgical and chemical industry, etc.), domestic emissions, weathering of building and pavement surface and waste incinerators [9] .
The objective of this study is to estimate the heavy metal content of soil samples taken at different depths down to 50 cm from four parks in urban part of Belgrade. Elemental content of topsoil in Belgrade urban area (including city parks), using another analytical method -atomic absorption spectroscopy (AAS), has been reported in earlier studies [10, 11] . In a study by Crnković et al. [12] analysis of samples of different soils in Belgrade wider area, taken at 0-10 cm and 40-50 cm depths, was discussed. In the present study total elemental content of heavy metals in soil in Belgrade urban parks was determined using an Energy Dispersive X-Ray Fluorescence (EDXRF) spectrometer. One of the main advantages of EDXRF spectrometry is that it does not require sophisticated sample preparation and allows analysis of samples for total element concentrations.
EXPERIMENTAL

Study area
Belgrade is located at 20°27'44'' Eastern longitude and 44°49'14'' Northern latitude, at the average altitude of about 120 m above sea level. It covers the area of over 3000 km 2 , and has a population of about two million. Major pollution sources in Belgrade are heating plants run with crude oil or natural gas, domestic heating (using coal and crude oil as fuel), gasoline and diesel vehicle exhaust, as well as other vehicle emissions. Traffic has been recognized as the main source of air pollution in the central area of Belgrade [13] . It should be noted that there are many old buses and trucks on the streets of Belgrade, and a large number of passenger cars is over 10 years old.
Sampling
The soil samples were collected in May 2011, in four parks situated in different areas of urban part of Belgrade: Karađorđev Park (KP), Studentski Park (SP), Zemun Park (ZP) and Botanical Garden (BG). The locations of the parks are shown on the map in Figure 1 : three of them (KP, SP and BG) are in the city central area, while one (ZP) is in the center of one of the city suburbs − Zemun. Detailed descrip on of the area surrounding each park is given in Table 1 . Within each park a location close to streets with high traffic density was selected for taking samples.
The analysis discussed here includes topsoil samples, as well as those taken from different depths down to 50 cm. Steel corer was used for collecting the samples from different depths. In each sampling area several sub-samples were taken from a rectangular of approximately 2 m×2 m, and mixed to obtain a composite sample. The samples were taken at depths of 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm and 40-50 cm. A total of 22 composite samples were made by mixing and homogenizing the collected sub-samples, one for each of these layers, for each park, and placed into polyethylene bags. In laboratory, the samples were dried at air temperature, and large rock and organic debris were removed before sieving. They were crushed and sieved using a nylon sieve to obtain fraction smaller than 2 mm, which was then ground to a fine powder. The soil samples, as well as the standard reference materials, have been prepared in pellet form: 5 g of material was pressed for 1 min at 30 t into a pellet of 3.5 cm in diameter, using wax backing.
Analysis
The measurements of heavy metal content in the soil samples were performed using PANalytical´s MiniPal 4 spectrometer and the analysis of the spectral data was performed using MiniPal/MiniMate software. The XRF spectrometer is equipped with 9W Rh tube and silicon drift detector, with resolution FWHM = 145 It is located in the very city center, near university buildings and the main promenade. The park is small and surrounded by one way streets, with the exception of the southwest side, where bus and trolleybus terminus is located. The tree coverage is much lower compared to the other three examined sites. Zemun Park (ZP)
The park is located in a residential part of the city with low private houses, surrounded by two schools, hospital and sports center. In comparison with the other three locations, the intensity of traffic is lower, though one must have in mind local traffic and the closeness of public transport stations. Studied area is largely covered with trees. Botanical Garden (BG) It is located in a residential part of the city with multistory buildings, approximately 1 km from the port of Belgrade and small chemical industries. The northern side of the park is exposed to the impact of traffic (cars and buses). The examined area is mostly covered with treetops. eV for 5.9 keV 55 Fe. We focused primarily on Cr, Cu, Fe, Mn, Ni and Zn, as common heavy metal pollutants in urban soil. The calibration of the instrument was performed using six certified reference materials (ERMCC135a, IAEA-PTXRF, MINTEK-SARM 42, MINTEK-SARM 69, IAEA-SL 1 and NIM-GBW07406) pressed into pellets as described above. In addition, NIST (US Department of Commerce, National Institute of Standards and Technology) CRM 2711 soil certified reference material was included in calibration for Fe, in order to extend the calibration range towards lower concentrations of this element. Optimal measurement parameters (tube voltage, current and filter between the tube and the sample) were determined [14] for different sets of elements ( Table 2 ). For each of the three sequences measurement time was 1800 s, and all measurements were carried out in air. Three repeated measurements were performed for each sample. The detection limits for the measured elements were calculated following the International Union of Pure and Applied Chemistry (IUPAC) method, as 3 times the standard deviation of blank signal divided by the sensitivity (change in intensity of the spectral line per unit concentration). For that purpose, a pellet made of Merck Hoechst wax C micropowder (C 38 H 76 N 2 O 2 ) was measured 10 times consecutively as a blank sample. It has low heavy metal content -the concentration of each element examined here is less than 5 mg kg -1 . Generally, the wax micropowder is used as binder in preparation of sample pellets for XRF analysis. The obtained values are the following: 3.7, 2.5, 2.3, 1.5, 5.6 and 1.8 mg kg -1 for Cr, Cu, Fe, Mn, Ni and Zn, respectively.
Enrichment factors
The enrichment factor (EF) was calculated from the measured element concentrations. It represents the ratio of concentration of an element associated with anthropogenic pollution and a reference element in analyzed sample, relative to the corresponding ratio for the background concentrations. Usual reference elements are Al, Fe, Li and Mn [15] [16] [17] . In this work EF was calculated as follows, using Fe as a reference element:
Here, c M and c Fe are concentrations of the test element and Fe, respectively. Background concentrations used in these calculations are discussed in the next section.
We consider EF > 2 indicative of enrichment associated with anthropogenic pollution, while EF > 5 is assumed to imply significant enrichment [18] .
RESULTS AND DISCUSSION
In order to verify the accuracy and precision of the results of the sample analysis, we performed the measurements of elemental content of ERM (European Reference Materials) CC135a soil reference material, included in the calibration for all measured elements, as an unknown sample. In addition, we measured NIST CRM 2711 soil certified reference material, which was not included in the calibration (except for Fe, as explained earlier) and thus could represent a real unknown sample. In this reference material the certified concentrations of Cu, Fe, and Mn are within the calibration concentration range (Table 3) , and thus it can be used here to test the accuracy of the measurements for these elements. The average values of element concentrations in the two reference materials obtained from measurements conducted on 10 consecutive days were compared with the corresponding certified values, as shown in Table 3 .
The results of measurements of ERM CC135a showed that the measurement precision was better than 1% for all elements of interest.
Elemental concentrations in park topsoil
The elemental concentrations measured in the topsoil samples taken from the four studied parks (KP, SP, ZP and BG) are given in Table 4 . The shown values are the average concentrations and relative standard deviations calculated from the measurements of three replicate samples. The average abundance order of heavy metals in the samples was: Fe >> Mn > Zn > Cr > > Ni > Cu. Copper exhibited the lowest concentration at all depths, in all parks except for SP, as discussed later in this section. The lowest concentrations of all analyzed elements, except for Fe, were found in BG. This could be explained with high tree coverage of this park (Table 1) in comparison with the other three parks. Note that the concentration of Fe in SP is below the lower limit of the calibration range.
For comparison with our measurements, average heavy metal concentrations in urban soil, reported in earlier studies for Belgrade and for other world cities, are also given in Table 4 . It is apparent that the concentrations of Cu, Ni and Zn obtained in this study are lower than the average values previously reported for the Belgrade urban area [10, 11] . They are however, within the reported ranges of concentrations of these elements [10, 11] . Although Ni concentrations obtained in this study are close to the lower limit of the range of values reported for Belgrade urban soil [11] , they are high in comparison with those reported for many other world cities, except for cities in China (Table 4) . This is in agreement with the earlier studies of soil and air pollution in Belgrade urban area [12, 13] , where it was noted that soil in Serbia is characterized by high Ni content due to its geological origin [26] . In addition, fossil fuel combustion is reported to be the major anthropogenic source of atmospheric Ni in Europe and the world [27, 28] . The highest Ni concentration in our study was found in ZP and a possible explanation of this result is a larger number of individual heating units in this part of the city. To support this assumption, we refer to a recent study of air pollution in Belgrade urban area [29] , where strong negative correlation between Ni concentration in airborne particulate mat- [25] ter and air temperature was observed (based on twoyear observations) and explained with Ni originating from fossil fuel combustion in local heating units. Chromium concentrations obtained in this work for the four parks exceed the previously reported average values for Belgrade urban area, and those in many other world cities. This element also shows higher concentration in ZP, in comparison with the other three parks. Major sources of Cr are coal combustion and vehicle exhaust [30, 31] . However, it should be noted that the calibration concentration range for Cr does not include values lower than 100 mg kg -1 ( Table 3 ). The concentration of Cu in the topsoil sample from SP shows the most notable departure from concentrations in other samples. This result is in agreement with results of earlier studies of air pollution monitoring in the Belgrade urban area using both the instrumental and biomonitoring techniques [13, 32] . Both studies reported higher Cu concentration in the area of SP than in KP and BG. It is worth mentioning that the mutuality between air and soil pollution has been noted in other studies: through wet and dry deposition heavy metals are transferred from atmosphere to soil [33] , while heavy metals in topsoil contribute to the corresponding concentrations in the atmosphere [34] . The sources of Cu emission are mainly related to traffic, such as brake abrasion and corrosion of metallic parts of cars [29, 31] . In an air pollution study by Rajšić et al. [29] , based on data collected for two years, significant negative correlation between Cu in airborne particulate matter in Belgrade central area and wind speed was reported, indicating that Cu was mainly emitted from some local sources. Bearing this in mind, and noting that bus and trolleybus terminus is located in vicinity of this sampling location (Table 1) , a possible explanation for high Cu concentration is that vehicle-related emission sources, such as brake and trolley pole abrasion, could be responsible for high Cu concentration in SP.
In topsoil samples from SP the largest concentration of Zn was also observed, in comparison with the other three parks. Zinc is mainly emitted by wear of tires and brake pads [35, 36] . Note that other studies showed higher Cu and Zn concentrations at sites with more frequent start-stop driving [37, 38] , which is also characteristic for streets close to SP.
Apart from Fe, concentrations of Mn and Cr exhibited the least scatter of values between different parks. Iron and Mn are dominantly of crustal origin, but they can also be emitted from anthropogenic sources, such as motor vehicles and metallurgical industry [30, 39] .
Distribution of heavy metals with soil depth
In addition to concentrations of heavy metals in topsoil, variations of their content with soil depth were analyzed and the results are presented in Figures 2 and   3 . The metal concentrations show variations with depth, but generally without uniformity of trends.
According to our results (Figure 2 ), Cu concentrations at all depths in SP are higher than those in other parks. Zinc concentrations in the top 0-30 cm layer are also higher in SP than in other parks. The average Zn concentration from 30-50 cm is by about 20% lower than in the upper layer and it is within the range of the concentrations in the other parks. The range of Ni concentrations at all depths in ZP exceeds those in the other parks. In SP and ZP, the concentrations of Cu and Zn showed markedly lower values at 40-50 cm depth in comparison with those in the topsoil samples. Both elements had the highest topsoil concentrations in these two parks. This is particularly evident for Cu in SP, the park in which its concentration in topsoil is large, indicating its considerable enrichment at the surface. Note that Cu is among metals with very low mobility, and has been reported in literature to accumulate in the topsoil [1, 40, 41] . Conversely, Zn has been reported to have high mobility and is likely to migrate down through the soil profile [42] . However, urban topsoil is constantly being enriched with Zn, particularly in area with high traffic density [43] . These two metals showed the opposite, increasing trend with depth in KP. Since the degree of Cu and Zn retention (and thus variation with depth) in soil depends on various parameters such as pH, amount of metal, organic matter content and soil mineralogy, it is clear that further analysis is necessary to explain these opposed results. Such analysis will be subject of our further studies. Nickel content showed moderate decrease with depth, most significant in ZP, the park in which its concentration is the highest. This is in agreement with its high mobility in soil [1] . As Figure 3 shows, low enrichment at the surface was observed for Cr and Mn. However, note that for SP and BG, as well as KP except for the topsoil, the measured Cr concentrations are below the lower limit of the calibration range (100 mg kg -1 ).
Enrichment factors
The enrichment factor (EF) values have been calculated in order to assess the contamination levels of heavy metals in the studied parks. Background concentrations, necessary for this calculation, are usually obtained from measurements in an area with little impact of anthropogenic pollution [44] , measurements of deep soil layers [45] , or average Earth's crust composition from literature [46] [47] [48] [49] [50] . Since in this study there were no park areas that could be considered as reasonably unpolluted, and due to lack of data from deep soil layers, we used average soil crust composition given by Mason [49] , which was also used for this purpose in other studies on soil contamination [51] [52] [53] .
The EF values were calculated for the topsoil samples and those taken from 40-50 cm depth (except for KP, where samples were taken down to 30 cm), and presented in Figure 4 . Since the concentration of Fe (the reference element here) in SP is somewhat below the calibration range, the EF values for this park are not shown in Figure 4 . The results show that Zn is the most enriched heavy metal in topsoil in all four parks. Its enrichment factor is higher than 2 in all parks and show values above or close to 2 even below the topsoil. Copper has generally the smallest EF value among the analyzed metals.
The presented results show that local emission sources have strong influence on park topsoil concentrations of Zn, Cu, Cr and Ni. More information on the effect of traffic and other urban emissions on urban soil elemental content could be obtained from the analyses of distribution of heavy metals in park topsoil, as well as at higher depths.
CONCLUSION
We performed the analysis of heavy metal content of urban soil in four Belgrade parks: Karađorđev Park (KP), Studentski Park (SP), Zemun Park (ZP) and Botanical Garden (BG). The samples were taken from a location in each park close to busy streets, at different depths down to 50 cm. The analysis of the samples was carried out using the EDXRF spectrometry. The results show high Cr concentration in comparison with average values for urban soil in Belgrade and other world cities, reported in earlier studies. Zinc was the most enriched element in topsoil in all parks, and together with Cu showed the highest concentration in SP, a park close to a bus and trolleybus termini, suggesting high influence of traffic emissions at this location. The highest Ni and Cr concentrations were observed in ZP, and are probably related to fossil fuel combustion processes, as this park is located in the part of the city characterized by a larger number of individual heating units, in comparison with the other three parks. These metals exhibited the most significant decrease with soil depth: Zn and Cu in SP, and Ni and Cr in ZP. The results presented here show strong influence of local emission sources on park topsoil concentration of these four metals (Zn, Cu, Cr and Ni). However, for more conclusive results the analysis should include the total area of each park. The analyses of distribution of heavy metals in park topsoil, as well as at higher depths, would provide more insight into the effect of traffic and other urban emissions on urban soil elemental content. Teški metali su prirodna komponenta zemljišta, ali njihovo prisustvo u povišenim koncentracijama može imati štetan efekat na okolinu, kao i na zdravlje ljudi. Ovo je naročito problem u urbanim sredinama, gde emisije iz saobraćaja i industrije značajno doprinose povećanom sadržaju teških metala u životnoj sredini, uključujući i zemljište. Osnovni cilj ovog rada je određivanje koncentracija teških metala u zemljištu parkova u urbanom području Beograda. Uzorci zemljišta su prikupljeni u maju 2011. godine, u Karađorđevom, Studentskom, Zemunskom parku i Botaničkoj bašti, do dubine od 50 cm. Koncentracije Cr, Cu, Fe, Mn, Ni i Zn u uzorcima merene su energetski disperzivnom fluorescentnom spektroskopijom X-zracima (EDXRF). U površinskom sloju zemljišta (0-10 cm dubine) dobijen je sledeći redosled koncentracija: Fe >> Mn > Zn > Cr > Ni > Cu. Najviše koncentracije Cu i Zn, metala koji se uglavnom emituju iz saobraćaja, dobijene su u Studentskom parku koji se nalazi u neposrednoj blizini okretnice autobusa i trolejbusa. S druge strane, najviše koncentracije Ni i Cr dobijene su u Zemunskom parku, u delu grada sa velikim brojem individualnih grejnih jedinica i verovatno potiču od sagorevanja fosilnih goriva. Najznačajnije smanjenje koncentracije sa dubinom pokazali su Zn i Cu, a zatim Ni i Cr, i to u parkovima u kojima su njihove koncentracije u površinskom sloju zemljišta najviše. Koncentracije Cr i Ni su visoke u poređenju sa odgovarajućim vrednostima u drugim svetskim gradovima. Rezultati predstavljeni u ovom radu ukazuju na značajan doprinos lokalnih izvora emisije koncentracijama Cu, Cr, Zn i Ni u zemljištu u urbanim parkovima Beograda. Dalja ispitivanja bi trebalo usmeriti na analize zemljišta sa celokupnih površina parkova. Analiza distribucije teških metala u površinskom sloju zemljišta, kao i na većim dubinama, pružila bi više informacija o uticaju saobraćaja i drugih urbanih izvora zagađenja na sadržaj teških metala u zemljištu parkova.
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